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In today's competitive world of athletics it is not uncommon to discover a few 
athletes actively involved in some form of vision enhancement motivated by the 
promise that the exercises will improve their athletic performance. A review of past 
and present literature in the area of sports vision revealed that these athletes are 
performing exercises based upon a very weak scientific foundation. Most of the 
research investigating the relationship between vision and athletic performance has 
been plagued by flawed methodology, as well as extremely low numbers of subjects. 
The purpose of this study was to test for any relationship between vision and 
athletic performance. If it could be shown that a relationship exists between a 
particular visual attribute and a specific athletic skill, it would help establish the utility 
for using vision enhancement exercises to improve athletic performance. 
In the present study, four NCAA Division I athletic teams were tested on a 
battery of visual attributes prior to the start of their regular seasons. The athletic 
teams tested were Women's volleyball (N=14), Men's basketball (N=15), Women's 
basketball (N=12), and Men's baseball (N=27). Each athlete was tested on the 
following visual measures: visual acuity, contrast sensitivity, depth perception, choice 
reaction time, hand and eye dominance, and peripheral attention. A copy of each 
team's cumulative seasonal statistics was obtained and used as a measure of athletic 
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ability. These statistics contained cumulative information on each individual player. 
Only the major players were selected for analysis. The selection of the "major" 
players was based on a ratio of participation for each sport. 
Data analyses were carried out separately for each sport. For all three sports 
the visual attribute of contrast sensitivity suffered from a lack of variance and was 
omitted from further analyses. A significant amount of variance was accounted for in 
only one seasonal statistic from the data for Women's volleyball. Choice reaction time 
and UFOV™ duration (a peripheral attention score) accounted for 79% of the variance 
for the volleyball statistic of digs per game. Examination of the data for the Men's 
and Women's basketball teams did not reveal any significant relationships. The 
analyses of the data from the Men's baseball team revealed a significant correlation 
between batting average and depth perception, as well as a marginal trend between 
batting average and choice reaction time. 
The present study improved over past research by employing a test of 
peripheral awareness. It was felt that the employment of this measurement was an 
improvement because peripheral awareness has been shown to be a better predictor of 
complex behavior compared to tests of peripheral perimetry used in past research. 
Two other ways in which the present study improved over past studies were by 
analyzing data from major players only and by investigating multiple visual attributes, 
sports, and athletic performance criteria. The present study could have been improved 
by employing an alternative method for measuring contrast sensitivity, by increasing 
the number of subjects analyzed for each sport and for each position within each sport, 
vii 
and by developing a test or battery of tests to measure specific athletic skills in the 
absence of environmental confounds such as player-position bias, opponents, and 
teammates. 
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Chapter I 
Introduction 
Past and present research in the area of sports vision has supported the notion 
that athletes have superior vision compared to non-athletes. On average, athletes have 
better visual acuity, contrast sensitivity, depth perception, visual reaction time, and 
peripheral vision. There have also been a variety of studies investigating the 
relationship between vision and athletic performance. These studies have not yielded 
consistent results. One explanation for the lack of consistent results may be that in 
each study "vision" and "athletic performance" are defined in different ways. The 
varying definitions are contingent upon the researchers' interests and the sport(s) the 
researchers choose to survey. Some studies have indicated that there is no relationship 
between particular visual attributes and selected sports performance criteria. Results 
from other studies have indicated that there are marginal trends, as well as significant 
relationships, between particular visual attributes and certain sports performance 
criteria. 
Even though research has not consistently revealed significant relationships 
between vision and athletic performance, many experts in the field of sports vision 
have been actively involved in vision enhancement. These experts are prescribing 
vision enhancement exercises for athletes working on the assumption that there is a 
relationship between their vision and their actual performance in their given sport. 
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One could argue that in order to justify prescription of visual exercises for the 
enhancement of athletic performance, a significant relationship between the type of 
vision being trained and the specific athletic performance that the training is supposed 
to improve should be consistently shown in the research. 
In this thesis, the researcher's purpose is to test for any relationships between a 
variety of visual attributes and athletic performance. This goal will be accomplished 
by testing the visual attributes of four collegiate athletic teams and comparing these 
scores to the final seasonal statistics of the athletic teams. 
Chapter II 
Review of Literature 
The purpose of the following chapter is three-fold: to define the various types 
of vision under examination, to review the literature addressing whether or not athletes 
have superior visual skills as compared to non-athletes, and to examine the literature 
addressing the relationship between vision and athletic performance. 
Visual Acuity 
Visual acuity is the ability to distinguish fine detail with one's eyes 
(Abrahamson, 1972; Coren & Ward, 1989). Visual acuity is typically assessed using 
an eye chart and is the most commonly tested visual attribute. The following research 
on visual acuity addresses whether there is a difference in visual acuity between 
athletes and non-athletes and whether there is a relationship between visual acuity and 
athletic performance. 
Some of the first research on sports vision focused on visual acuity and 
baseball players. Winograd (1942) examined the differences in vision between varsity 
baseball players, candidates for the varsity baseball team, and non-athletes. Subjects 
consisted of 47 varsity baseball players, 26 rejected candidates for the varsity baseball 
team, and 49 non-athletes. Vision was tested using the Keystone Ophthalmic 
Telebinocular and DB Series of slides. Winograd stated that there were significant 
differences (levels were not reported) between the varsity players and non-athletes in 
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the area of binocular visual efficiency (acuity). The varsity players had significantly 
better visual acuity. 
There are a number of notable problems with this study. The statistical method 
used to analyze the differences between the three groups was the chi-square. It would 
have been better to have used an ANOVA with orthogonal contrasts to examine the 
differences between the three groups separately. That analysis would have been more 
sensitive to the differences between the three groups. The second problem is an 
inconsistency within the paper. In Winograd's conclusion, he states that there are 
significant differences between the varsity players and non-athletes in the area of 
binocular visual efficiency. Yet, in the body of his paper he reports that the 
significance level of the chi-square analysis between the varsity athletes and non-
athletes for the measure of visual acuity is p = .22, which is obviously not significant. 
Thus, there is a definite ambiguity as to whether or not the baseball players had 
significantly better visual acuity. 
It does appear that the varsity baseball team's visual efficiency (acuity) scores 
(M = 102) were better than the non-athletes' visual acuity scores (M = 96). However, 
because of a poor selection of a statistical procedure with poor sensitivity, and an 
inconsistency in the reporting of the results, one cannot conclude without reservation 
that there is a significant difference between varsity athletes and non-athletes for visual 
acuity in this study. 
Fremion, DeMyer, Helveston, Miller, Sato, and Weber (1985) compared the 
visual attributes of 51 men and women professional tennis players to those of 49 age-
5 
matched college students. Visual acuity was measured with a 20/20 Snellen chart. 
They found that the professional tennis players had significantly better visual acuity 
than the age-matched controls. Eighty-four percent of the players had 20/20 or better 
binocular visual acuity, while only 55% of the controls had 20/20 or better visual 
acuity. 
Christenson and Winkelstein (1988) tested 54 athletes from the California State 
University Men's football team and Women's Softball team and compared their vision 
to that of 54 students (non-athletes) in the Psychology Department at California State. 
Visual acuity was measured with a standard Snellen chart. They found that the 
athletes in both sports had significantly better visual acuity than the non-athletes using 
their left eyes (p = .0009), yet for their right eyes they only found a marginal trend (p 
= .0748). It is unclear as to why the researchers tested monocular vision and not 
binocular vision. They did not offer any rationale for that approach. 
The relationship between visual acuity and basketball shooting ability was 
examined by Beals, Mayyasi, Templeton, and Johnson (1971). They examined the 
relationship between field shooting performance and static visual acuity, as well as the 
relationship between free throw shooting performance and static visual acuity. Field 
shooting performance was determined from statistics taken from the player's home 
games. Free throw shooting percentages were determined from records taken during 
practice sessions. Static visual acuity was tested using a Snellen chart. Nine varsity 
basketball players at Texas A and M University served as subjects. The authors 
reported moderate relationships between field shots and static visual acuity (r(9) = .57) 
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and between free throws and static visual acuity (r(9) = .59). Both correlations were 
indicative of a marginal trend. The authors did not point out that eight of the nine 
players had 20/20 visual acuity and that only one player had 20/15 visual acuity. 
Thus, both of the correlations were driven by the score of one player; if this player 
were omitted, the relationship would cease to exist. 
Applegate and Applegate (1992) examined the relationship between visual 
acuity and basketball shooting ability. Nineteen males between the ages of 12 and 17 
years of age served as subjects. Applegate and Applegate reduced each subject's 
visual acuity to a predetermined level and recorded set shot shooting performances. 
Visual acuity was decreased to five different levels for each subject: 6/6, 6/12, 6/24, 
6/48, and 6/75. Visual acuity was reduced by way of lenses prescribed to each player 
for each predetermined level of acuity. Every player was given 25 shots from a set 
position for each of the acuity conditions. The order of the treatment conditions was 
counterbalanced by random assignment of order for the different acuity conditions. 
Applegate and Applegate found that there was a drop in shooting performance 
when acuity was decreased, but it was not statistically significant. The difference 
between shooting performance from the 6/6 acuity condition to 6/12 acuity condition 
approached significance (p = .0525). After the 6/12 condition, shooting performance 
remained constant for the rest of the acuity conditions (e.g. 6/24, 6/48, 6/75). The 
technique used by Applegate and Applegate is very novel because it allowed the 
researcher to control each subject's visual acuity and, at the same time, test each 
subject's performance under different levels of visual acuity. Based on the results of 
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their research, it appears that persons with less than normal visual acuity perform 
worse on the task of shooting a basketball. Their research also supports the notion 
that there is a threshold for the effects of bad visual acuity on shooting performance. 
There was no difference in shooting performance between visual acuity conditions of 
6/12 through 6/75. 
Beals et al. (1971) examined the relationship between dynamic visual acuity 
(DVA) and basketball shooting performance on the previously mentioned varsity 
basketball players from Texas A and M. Field shooting performance was determined 
from statistics from the players' home games. Free throw shooting percentages were 
determined from records taken in practice. Dynamic visual acuity was measured by 
having the subject identify one and three-fourth inch letters as they were flashed across 
a screen with a slide projector oscillating through a thirty degree arc at 8.83 miles per 
hour. The correlation between dynamic visual acuity and free throw shooting was not 
significant. However, one would not expect to see a relationship between DVA and 
free throw shooting ability because a free throw is a stationary shot. The correlation 
between dynamic visual acuity and field shots was significant. The implication for the 
relationship between DVA and field shots is that about 58% of the variance in field 
shooting percentage was accounted for by DVA. 
There are a few potential problems with this study. First, there were only nine 
subjects. This small number limits the generalizability of the study. Second, the DVA 
test consisted of the subject sitting in a chair and attending to a moving target or 
stimuli. The field goal shooting percentage is a result of a player who is in motion 
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attending to a stationary target. It is important to note that this methodological 
problem is common to much of the research on vision and athletic performance; the 
manner in which vision is tested in the laboratory is not analogous to how vision is 
used in the athletic performance under investigation. 
Even with consideration of methodological weaknesses, past research has 
shown that athletes have better visual acuity than non-athletes (Winograd, 1942; 
Fremion et al., 1985; Christenson & Winkelstein, 1988). Two studies also suggest that 
moderate relationships exist between visual acuity and athletic performance; however, 
only one of these studies has reported a truly valid relationship (Beals et al., 1971; 
Applegate & Applegate, 1992). 
Contrast Sensitivity 
Visual contrast is defined as the difference in the intensity of light between an 
object and its surroundings (Sekuler & Blake, 1990). Contrast sensitivity is the ability 
to distinguish the difference in the intensity of light between an object and its 
surroundings or the ability to "pick-up" an object from its background. 
Contrast sensitivity is an important visual skill in athletics due to the diverse 
backgrounds and the varying degrees of illumination encountered. In basketball, each 
arena has different backgrounds and different lighting. In baseball, players must be 
able to adapt to the glaring sun, clouds, and lights at night. The variability in contrast 
between the ball and its background in each sport makes contrast sensitivity an 
important visual skill. 
Hoffman, Polan, and Powell (1984) examined the differences between 25 
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collegiate baseball players at California State University and 30 optometry students 
from Southern California College of Optometry for the measure of contrast sensitivity. 
None of the optometry students selected had participated in high school or collegiate 
varsity athletics. The Arden grating method was used to measure contrast sensitivity. 
(The Arden grating method consists of six plates with different frequencies of grating). 
The results indicated that the baseball players had significantly better contrast 
sensitivity scores than the optometry students. 
Differences on the measure of contrast sensitivity between collegiate and 
professional football players was examined by Schneider, Kluka, and Love (1992). 
They tested 24 players from Boston College and 20 players from the New England 
Patriots. Contrast sensitivity was measured using the Stereo Optical Optec 2000 
Vision Tester. Six rows of patches of gratings at frequencies of 1.5, 2, 6, 12, and 18 
cycles per degree were used. Results revealed that the professional players had higher 
mean scores for contrast sensitivity measures, yet these scores were not significantly 
higher than the scores for the collegiate players. 
Although the literature on contrast sensitivity is limited , it appears that athletes 
(baseball players) have better contrast sensitivity than non-athletes, based on research 
by Hoffman et al., (1984). Research by Schneider et al., (1992) does not allow one to 
conclude that professional athletes (football players) have better contrast sensitivity 
than collegiate athletes (collegiate football players). However, one would suspect that 
the differences between upper level athletes (collegiate & professional) would be less 
noticeable. In order to find significant differences between upper level athletes, one 
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would need to survey a large number of subjects to increase the statistical power of 
the analysis. 
Depth Perception (Stereopsis) 
Abrahamson (1972) defines depth perception as "the ability to perceive the 
solidity of objects and their relative position in space" (p. 177). Sekuler and Blake 
(1990) define depth perception as one's ability to judge distances between objects and 
to judge distances from the perceiver to objects. Depth perception is an essential 
ability in athletics. In almost every sport the athlete must judge distances between 
himself and an object in order to react to that object. 
The differences in vision between 47 collegiate baseball players, 20 rejected 
candidates for the collegiate baseball team, and 49 non-athletes was investigated by 
Winograd (1942) at the City College of New York. Depth perception was measured 
using DB series slides, which required subjects to identify the character that "stands 
out" from a row of characters. Winograd found that both collegiate baseball players 
and the rejected candidates for the collegiate baseball team had significantly better 
depth perception than the non-athletes. 
Graybiel, Jokl, and Trapp (1955) examined the differences between athletes and 
non-athletes in depth perception at the 1952 Olympic Games in Helsinki. An 
instrument similar to the Howard-Dolman depth perception box was used to test depth 
perception. The results indicated that, as a group, the athletes had better depth 
perception than the non-athletes. Further analysis revealed a significant correlation 
between depth perception and athletic performance among tennis and soccer players 
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(significance levels & number of subjects were not reported). One must review the 
results of that study with a degree of apprehension. First, the researchers did not 
report how athletic performance was assessed. Second, they did not report how many 
subjects were involved in the study. It is impossible to make any generalizations 
about the results of that research without knowledge of these two facts. 
The relationship between depth perception and basketball shooting ability was 
investigated by Beals et al. (1971). The subjects consisted of nine Varsity basketball 
players at Texas A and M University. Field goal shooting percentages were calculated 
from home games, and depth perception was measured with the Howard-Dolman depth 
perception apparatus. They found that there was a marginal trend between field goal 
shooting percentages and depth perception. Their results suggest that a player's ability 
to shoot field goals is moderately dependent upon depth perception, with depth 
perception accounting for about 31% of the variance in field goal shooting. A 
shortcoming of their study was the low number of subjects (nine), which restricted the 
generalizability of their findings. 
The relationship between depth perception and free throw shooting ability was 
examined by Shick (1971). Subjects consisted of 32 female college students enrolled 
in a beginning basketball class. Subjects were tested during the last five weeks of the 
class. Shick found no significant correlation between depth perception measures and 
free throw shooting ability. The strongest relationship she cited (r(32) = .199, p > .05) 
was between the results on a modified Howard-Dohlman test and free throws that were 
too short. It is important to note that a free throw shot is a static or stationary shot, 
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whereas field goals are more dynamic requiring one to adjust to different distances for 
each shot. Using free throws as the dependent measure could have confounded the 
results. A free throw is a static shot that is always shot from the same location on the 
court. If a subject had poor depth perception she could eventually accommodate by 
using previous shots as feedback. This possibility is a very important consideration, 
especially since the subjects had the first half of the semester to adjust their shots to 
any visual shortcoming they may have had. 
Research on dynamic stereo-visual acuity was conducted by Solomon, Zinn, 
and Vacoux (1988). Dynamic stereo-acuity was measured using a dynamic stereopter, 
a black box with four polarized circle targets on the front of it. The light intensity of 
each target was controlled with a computer. The box was positioned upon a runway 
(four meters long) where it was moved at increments of 0.255mm at speeds up to 45 
cm/s. Each subject wore polarized goggles and stood one meter from the front of the 
runway. Each subject was given a remote control with one button to stop the box 
and four buttons to identify the target that appeared to stand out from the other three. 
Subjects received 10 trials of the test which resulted in an accuracy average and a time 
elapsed average. Solomon et al. looked at the differences between pitchers and other 
players (considered to be hitting players) using 33 major league players and five minor 
league players. They found that, on average, pitchers had lower scores for dynamic 
stereo-visual acuity than those of the other hitting players. It is important to note that 
the dynamic stereopter is not a standardized instrument for measuring dynamic depth 
perception, a definite weakness of their study. It is presumptuous to make any 
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generalizations on research based solely upon the dynamic stereopter until it has been 
established that the instrument possesses a satisfactory degree of reliability and 
validity. 
Past research has supported the notion that athletes have superior depth 
perception as compared to non-athletes (Winograd, 1942; Graybiel et al., 1955). 
However, the credibility of the studies reported by Graybiel are somewhat suspect due 
to the ambiguous manner in which the results were reported. There also appears to be 
a relationship between depth perception and athletic performance, but, again, it is 
important to note that the results from Graybiel's studies were very ambiguous 
(Graybiel et al., 1955; Beals et al., 1971; Solomon et al., 1988). 
Peripheral Vision 
Peripheral vision is the ability to process information that is not in one's direct 
line of vision (Abrahamson, 1972). Sekuler and Blake (1990) state that central vision 
is the area imaged on and around the fovea, which accounts for only about 5% of 
what we see; the other 95% of what we see is called our peripheral vision. Peripheral 
vision is an important visual skill in athletics due to the constant demands for 
awareness of both central and peripheral stimuli at any given moment. In baseball a 
pitcher must focus on the batter and at the same time be aware of any runners on base 
in his periphery. A basketball player must be able to focus on his defender and 
localize open teammates or other defenders in his periphery. A hitter in volleyball 
must attempt to focus on the ball while simultaneously looking for blockers and open 
court in her periphery. 
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The first question to address is whether or not athletes have superior peripheral 
vision skills. Stroup (1957) investigated the differences between basketball players 
and non-basketball players on the measurement of field motion perception. Twenty 
candidates for the men's varsity basketball team at Southern State College and 20 male 
students from an activity class served as subjects. Field of motion was measured 
using an instrument that stabilized the subject's head and simultaneously measured the 
subject's binocular field of vision. Subjects attempted to detect 0.75 inch circular 
targets (with alternate black and white parts) in their periphery. The targets were 
uniformly lighted and rotated as they were brought into view. The results indicated 
that the basketball players had superior mean scores on field of motion perception 
measure. However, the instrumentation used in this study to measure field of motion 
perception may be suspect to methodological problems. Stroup says that the subjects 
were focusing straight ahead while they tried to detect stimuli in their periphery. Yet, 
he does not say how they controlled for subjects who actively searched for the stimuli 
in their periphery. Due to this uncertainty one cannot conclude whether Stroup was 
measuring field of motion perception or if he was measuring visual search 
performance. 
Williams and Thirer (1975) examined the differences between athletes and non-
athletes on the measures of vertical and horizontal peripheral vision. Subjects 
consisted of 82 varsity athletes and 50 non-athletes at Florida State University. 
Peripheral vision was measured using a Bausch and Lomb perimeter. A white target, 
lcm in diameter, was moved in from the outer limits of the perimeter until the subject 
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detected it. Thresholds from the right, left, top, and bottom of the perimeter were 
recorded. Results revealed that the athletes had superior vertical and horizontal 
peripheral vision. The main problem with this study is the instrumentation used. The 
authors did not have any means of prohibiting the subjects from searching for the 
white target as opposed to detecting it in their periphery. Once again the question is 
raised as to what was really measured, peripheral vision or visual search skill? 
Christenson and Winklestein (1988) examined the differences between athletes 
and non-athletes in the area of peripheral awareness. Fifty-four varsity athletes from 
California State University men's football team and women's Softball team served as 
subjects, along with 54 undergraduate non-athletes from the university's psychology 
department. Peripheral awareness was measured separately for the left and right eyes. 
Peripheral awareness was measured using an arc perimeter and Landolt C's. The 
subject faced the midline of the perimeter where a vertical column of Landolt C's was 
mounted in varying directional orientations (open, closed, up, or down). The subject 
was directed to call out the orientation of each "C" in the vertical column, this 
response served as the central task. As the subject called out the orientations of the 
C's in the vertical column a large Landolt "C" was advanced from the outer limits of 
the Arc perimeter until the subject could determine its orientation. This procedure was 
carried out four times from the left side of the perimeter and four times from the right. 
Results revealed that the athletes had significantly superior peripheral awareness as 
compared to the non-athletes for both left eyes and right eyes. 
This study is an improvement over most of the past peripheral vision studies 
16 
because a central task is involved. However, the authors provide no rationale for why 
they tested each eye separately, thus making their findings less applicable since every 
sport is played with both eyes open (binocularly). It would seem that a better measure 
for this study would have been binocular peripheral vision. 
The differences between athletes and non-athletes on peripheral movement 
perception were investigated by Mizusawa, Sweeting, and Knouse (1983). Seventy-
seven varsity athletes (basketball & soccer) and 62 non-athletes from three 
Pennsylvania colleges served as subjects. A Schweigger-type stand perimeter was 
used to measure the vertical and horizontal peripheral meridians for each subject, for 
each eye separately. Colored dots, 7mm in diameter, were moved in from the outer 
limits of the perimeter until the subject noted the dot's presence. Results indicated that 
varsity athletes had superior measures for the horizontal meridian but not for the 
vertical meridian. This study has several notable weaknesses. First, the measure of 
peripheral vision did not have a central task which would prevent the subjects from 
shifting their focus. Second, the authors did not give any rationale as to why each eye 
was tested separately. Lastly, they did not even attempt to explain why the athletes 
had superior scores for the horizontal meridians but not on the vertical meridians. 
Hobson and Henderson (1941) investigated the relationship between the size of 
basketball players' visual fields and their playing abilities. Six varsity basketball 
players from Grinnel College served as subjects. Visual field was measured using a 
Schweigger hand perimeter on a base. The subjects placed their chin upon the chin 
rest and focused straight ahead. A white cardboard square (7mm by 7mm) was moved 
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in from the outer limits of the periphery toward the center until the subject detected it; 
the square was then moved from the center outward until the subject said that he could 
no longer detect it. This procedure was performed for horizontal, vertical and 45 
degree meridians. Playing ability was assessed from statistics as well as input from 
the basketball coach—such as relative merits and weak points of each player. Results 
indicated that the better players tended to have better peripheral vision (significance 
level was not reported). 
The most notable problem with this study is that the measurement did not 
consist of a central task. Due to this shortcoming in instrumentation one cannot be 
certain that a true measure of peripheral vision was obtained. The assessment of 
playing ability was another potential problem with this study. The article does not 
define what statistics were used in defining a player's ability; furthermore, it is highly 
probable that the coach's bias's for certain players could have confounded the variable 
of playing ability. 
In a second study by Stroup (1957), the relationship between basketball ability 
(systematically rated by basketball instructors) and field of motion perception was 
examined. Subjects consisted of 101 male students from team sports classes at 
Southern State College. Basketball ability was derived from a composite of different 
items measuring one's ability to pass, jump, shoot, and dribble. Field of motion was 
measured using an instrument that stabilized the subject's head and simultaneously 
measured the subject's binocular field of vision. Subjects attempted to detect 0.75 inch 
circular targets (with alternate black and white parts) that were uniformly lighted and 
18 
rotated as they were brought into view. The results revealed a significant correlation 
between field motion perception and the composite of basketball skill items. 
It is possible that the instrumentation used in this study to measure field of 
motion perception may weaken the strength of the relationship cited above. Stroup 
says that the subjects were focusing straight ahead while they tried to detect stimuli in 
their periphery. Yet, he does not say how they controlled for subjects who actively 
searched for the stimuli in their periphery. Due to this uncertainty one cannot 
conclude whether Stroup was measuring field of motion perception or if he was 
measuring visual search performance. 
The majority of research on peripheral vision (with and without a central task) 
has shown that athletes are superior to non-athletes on a variety of peripheral vision 
measures (Stroup, 1957; Williams & Thirer, 1975; Christenson & Winklestein, 1988; 
Mizusawa, et al., 1983). Two studies have indicated that there is a relationship 
between peripheral vision and athletic performance (Hobson & Henderson, 1941; 
Stroup, 1957). The most evident problem with research on peripheral vision is the 
methodology or instrumentation used. Most researchers are measuring peripheral 
vision without a central task or foveal load. Without a central task, subjects may shift 
their eyes during the testing resulting in an invalid and/or unreliable measure of 
peripheral vision. For this reason it is important that future research in peripheral 
vision include a central task to ensure a true measure of peripheral vision. 
Eye Dominance 
Abrahamson (1972) defines eye dominance as the tendency for one eye to 
19 
process more information than the other, or to process information more quickly. 
Coren and Ward (1989) define eye dominance as the tendency for most of the cortical 
receptive cells to be driven better by one eye. One interpretation could be that the 
dominant eye is the eye that delivers more information to the cortical receptive cells or 
quite simply the "preferred eye." The research on eye dominance is very limited and 
focuses primarily on the relationship between eye dominance and baseball batting 
ability. 
Adams (1965) investigated the relationship between eye dominance, 
handedness, and baseball batting ability. Eye dominance was determined by having 
the subject locate a pencil through a peep hole in a sheet of paper with both eyes. 
The subject then closed one eye to see if the pencil was still in view. If the pencil 
was still in view, then the open eye was the dominant eye. If the pencil was not still 
in view, then the closed eye was the dominant eye. The subjects for this study were 
28 collegiate baseball players. Adams compared unilateral batters (right-handed and 
right eye dominant, or vice versa) to cross lateral batters (right-handed and left eye 
dominant, or vice versa), hypothesizing that cross laterals would have better batting 
averages. Batting averages were obtained from the player's Spring season statistics. 
Adams rationale for this hypothesis is based upon the claim that cross lateral batters 
have an advantage over unilateral batters. He claims that cross lateral batters have an 
advantage due to the position of the batter's dominant eye in relation to the pitcher and 
the ball. The results revealed that there was no relationship between being a cross 
lateral batter and higher batting averages. 
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Teig (1993), operator of the Institute for Sports Vision, stated that baseball 
teams with more cross-dominant players had better batting averages than other teams 
with less cross-dominant players. His statement was based on data he had collected 
from seven major league baseball teams. The credibility of his statement is 
questionable since he does not cite the number of subjects involved nor the statistical 
methods employed. 
The literature on eye dominance is very limited and inconsistent. Sports vision 
expert Teig (1993) claims that teams with more cross lateral batters have better batting 
averages. Adams (1965) did not find a difference between cross lateral and unilateral 
batters for batting performance. It is clear that there is a need for more research on 
eye-dominance and athletic performance if the claim that cross lateral batters are 
superior is to be made with any certainty. 
Visual Reaction Time 
Visual reaction time is the amount of time between the onset of a visual 
stimulus and the beginning of an overt response. Reaction time is defined as the 
amount of time between the onset of a stimulus and the beginning of an overt response 
(Coren & Ward, 1989). Coren and Ward define choice reaction time as the amount of 
time it takes to make different responses to different stimuli. Visual reaction time is 
very important in athletics because athletes are constantly required to react to a variety 
of visual stimuli. A baseball player at bat must react to the location, speed, and 
rotation of the oncoming ball. In a span of milliseconds, a volleyball player is 
required to react and position herself accordingly in order to "dig" an opponent's hit. 
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There is an abundant amount of research on choice reaction time and cognitive 
functioning, yet the research on choice reaction time and athletics is surprisingly 
limited. 
The differences between athletes and non-athletes for reaction time was 
investigated by Christenson and Winklestein (1988). Subjects consisted of 54 athletes 
from the California State University men's football team and women's softball team. 
Fifty-four non-athletes from the psychology department at California State University 
served as controls. Visual reaction time was measured using the Computerized Wayne 
Saccadic Fixator (CWSF). The CWSF is a white rectangular board with red light-
buttons arranged symmetrically within a 27 inch diameter circle (Mitchell, Nicholson, 
& Maples, 1990). Subjects were positioned at eye-level with the center of the CWSF. 
Lights randomly lit up every 0.6 seconds. The subjects were instructed to depress as 
many of the lighted buttons as they could. Results revealed that the athletes had 
significantly better visual reaction times than non-athletes. 
Conclusions 
From reviewing the literature, two conclusions can be made. It is apparent 
from the studies reviewed that, as a group, athletes tend to have better vision as 
compared to non-athletes. However, the studies examining the relationship between 
vision and athletic performance were less conclusive. These studies were plagued with 
methodological problems (instrumentation), low subject numbers, and poor selection of 
statistical analysis. Furthermore, these studies failed to yield consistent results. A few 
studies reported significant relationships, some reported marginal trends, and some 
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reported that no relationship existed. Even with the problems and inconsistent results 
from the research on the relationship between vision and athletic performance, many 
"sports vision experts" are actively involved in prescribing visual enhancement 
exercises to their clients. These experts are prescribing these visual exercises with the 
promise that the exercises will improve their client's athletic performance. This claim 
seems somewhat premature in light of the inconsistencies in the research on the 
relationship between vision and athletic performance. 
The purpose of the present study was to examine the relationship between 
vision and athletic performance and in the process avoid the pitfalls encountered by 
past studies in this area. There were no specific hypotheses set forth in the present 
study. The analysis was driven by the search for any relationships between athletic 
performance and vision. 
Chapter III 
Method 
Subjects 
The subjects were members of Western Kentucky University's NCAA Division 
I athletic teams. The teams tested for this study were as follows: men's basketball 
(N=15), women's basketball (N=12), men's baseball (N=27), and women's volleyball 
(N=14). Subjects were tested as part of a free sports vision screening. 
Materials 
Demographics for each subject were obtained by use of a questionnaire (see 
Appendix A), accounting for time of testing, sport played, position played in sport, 
race, sex, number of years playing sport, and hours spent in the sun on the day of the 
testing. [Hours spent in the sun was asked because it may affect a subject's 
performance on some of the visual tasks]. Statistics for the regular seasons of the 
men's basketball, women's basketball, men's baseball, and women's volleyball teams 
were used as a measure of athletic performance. 
To test for eye dominance, the subject located the examiner's nose through a 
hole formed with both outstretched hands and thumbs laid one over top of the other. 
At this point, the examiner viewed the subject's dominant eye through the hole formed 
by the subject's outstretched hands. This method of testing for eye-dominance was 
recommended by Breedlove (1994), a speaker at a symposium conducted at the 1994 
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Sports Vision Conference, Las Vegas. 
Binocular Visual Acuity was measured using the Lighthhouse Distance Visual 
Acuity Test (Second Edition), chart 1. The subject stood at a distance of four meters 
away from the chart and was instructed to read aloud the letters in each row as the 
examiner pointed to the row. Subjects were tested until failure of a complete row or 
until they reached the last row on the chart. 
Binocular Contrast Sensitivity was assessed using the Pelli-Robson Contrast 
Sensitivity Chart 4L. The subject stood at a distance of one meter away from the 
chart and was instructed to read aloud the letters in each row as the examiner pointed 
to the row. Each subject was tested until he could not identify two out of three letters 
in a given section or until he reached the bottom of the chart. 
Depth Perception was measured with a depth perception box. The depth 
perception box was a replica of the Stoelting, Howard-Dohlman Depth Perception 
Apparatus. The subject was seated ten feet from the apparatus and instructed to 
manipulate a set of pull cords in an attempt to align a movable vertical rod with a 
stationary vertical rod. Two trials were given to each subject, one with the movable 
rod positioned at the very back of the box and one with the movable rod positioned at 
the very front of the box. Both trials were recorded for each subject. 
Handedness was determined by asking each subject which hand was his 
dominant hand. If a player used his left hand for everyday activities and his right 
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hand for sports-related activities, the right hand was recorded as the dominant hand. 
Choice Reaction Time was assessed with the Visual Choice Reaction time 
apparatus (Lafayette Instrument Company). A red or green light was randomly 
displayed, at which time the subject attempted to depress a corresponding button as 
quickly as possible. Choice reaction time was recorded on a stop clock. Each subject 
was given two or three practice trials. Subjects were then administered ten trials with 
an even distribution of red and green trials. Data from all of the measures discussed 
above were recorded on a data sheet (see Appendix A). 
Peripheral Attention was assessed by using the UFOV™ (Useful Field of View) 
Visual Attention Analyzer. The UFOV™ consists of three subtests. The first subtest 
requires the subject to identify a centrally located target (8 by 9 degrees), which varies 
in duration (320 milliseconds to 40 milliseconds). Task two requires the subject to 
simultaneously identify the central target and to locate a peripheral target. The 
peripheral target varies in eccentricity from 10 degrees away from the center target up 
to 50 degrees away from the central target. It is important to note that subjects are 
required to complete both tasks in order to receive credit. Task three requires the 
subject to perform the same two tasks while the peripheral target is embedded in a 
field of distractors, equal in size but different in shape from the target. 
For the purposes of the present research, only task two and three were 
administered. Task two was administered at 40 milliseconds, the first trial of task 
three at 320 milliseconds, the second trial of task three at 240 milliseconds, and the 
third trial of task three at 160 milliseconds. Each task consisted of twenty-five trials, 
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five trials at each eccentricity of ten degrees, twenty degrees, thirty degrees, forty 
degrees and fifty degrees away from the central target. Testing for peripheral attention 
took place in a dark room, and the scores were automatically recorded on a computer 
print out. 
Procedures 
Subjects were tested in the Vision Lab at Western Kentucky University. Upon 
arriving, each subject completed the demographic questionnaire and was then taken 
through one of two sequences. The testing was divided into two different sequences 
in order to counterbalance for any effects of testing on the UFOV™ Vision Attention 
Analyzer. This methodology was used because UFOV™ testing was carried out in a 
dark room and lasted more than 15 minutes. One-half of the subjects were tested for 
eye-dominance, contrast sensitivity, visual acuity, depth perception, handedness and 
choice reaction time first and the other half of the subjects were tested on the UFOV™ 
Visual Attention Analyzer first. 
Chapter IV 
Results 
Before describing the results, it is important to note how the scores of certain 
visual attributes were obtained and how to interpret them. The acuity score was a 
result of one test. A score of 0.00 is equivalent to 20/20 vision. A positive score 
indicates vision less accurate than 20/20 and a negative score indicates vision more 
accurate than 20/20. The contrast sensitivity score was also the result of one test. For 
contrast sensitivity, a score of a greater magnitude would indicate greater ability in 
detecting contrast. A score of 1.95 was considered satisfactory for the measure of 
contrast sensitivity. 
Choice reaction time was an average calculated from 10 different trials; the 
lower the average, the faster the subject responded to the stimuli. Depth perception 
was an average calculated from two separate trials; the lower the average, the better 
the subject performed at judging depth, or the closer the subject was in his attempt to 
align the two vertical rods. A score of zero would indicate a perfect alignment of the 
two vertical rods. 
UFOV™ or peripheral attention scores for the four subtests were obtained by 
multiplying the number of correct localizations for each eccentricity times the 
eccentricity itself (10,20,30,40,50 degrees) and then summing across each eccentricity 
to obtain a composite score for each subtest (2a, 3a, 3b, 3c). The peripheral attention 
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score referred to as "distractor effect" was calculated by subtracting the average of the 
three UFOV™ tasks with distractors from the UFOV™ task without distractors. The 
distractor effect is representative of the increased difficulty subjects had localizing a 
peripheral target embedded in a field of distractors as compared to localizing a 
peripheral target alone. A positive score indicates that the subject scored higher on the 
task without distractors (e.g., had a distractor effect), and a negative score indicates 
that the subject scored higher on the three tasks with distractors. In addition to the 
presence/absence of distractors in the visual field, there was also a difference in 
presentation duration between the UFOV™ tasks with distractors and the UFOV™ task 
without distractors. The UFOV™ task without distractors was presented at 40ms, 
while the UFOV™ tasks with distractors were presented at 320ms, 240ms, and 160ms. 
These duration effects would work against the finding of a distractor effect, but slower 
durations are required for the subtest with distracters to allow performance in these 
conditions to exceed chance levels. 
The visual measure labelled "UFOV™ time slope" is a regression slope which 
is a function of the scores from the three UFOV™ subtests with distractors being 
regressed upon the three different durations (320ms, 240ms, 160ms) at which the 3 
subtests were administered. This score reflects the effects of duration effect upon a 
subject's performance in localizing a peripheral stimulus embedded in a field of 
distractors. A positive slope indicates that a subject's scores improved as the 
presentation speed increased (e.g., longer presentation durations). A negative slope 
indicates that the subject's scores improved as the presentation speed decreased (e.g., 
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shorter presentation durations). 
The visual measure referred to as "UFOV™ duration" was obtained by 
subtracting UFOV™ subtest 3c from UFOV™ subtest 3b. This score served as a 
secondary measure of presentation speed on a subject's performance in task 3 with 
distractors. The rationale for this measure was to obtain a score that would omit 
UFOV™ task 3a, treating it as practice, and thus allowing time for the subject to 
adjust to the task with distractors. A positive score indicates that the subject scored 
higher on the task administered at the slower duration (240ms). A negative score 
indicates that the subject scored higher on the task administered at the faster duration 
(160ms). 
In the literature review it was discovered that one study reported a significant 
relationship between visual attributes and athletic performance in which the 
relationship was carried by one subject (Beals et. al, 1971). In order to avoid this 
problem in the present study, the individual scores were examined for each significant 
relationship found. If a relationship appeared to be carried by one player, then the 
analysis was run again without the outlier to see if the relationship was still 
significant. If there was no significant relationship after omitting the outlier, then 
regression analysis was not analyzed for that particular relationship. The analyses 
were conducted separately for each sport. 
Volleyball 
Fourteen women volleyball players were tested prior to the beginning of the 
volleyball season. Statistical analyses were performed on data from eight of the 
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fourteen players. Players who played in 50% or more of the games were selected for 
analysis. The means, standard deviations, minimum scores, and maximum scores for 
the visual attributes are reported in Table 1. The minimum and maximum scores 
indicate the range of possible values and not the actual minimum and maximum scores 
obtained. It is important to note this range in order to establish that there were no 
problems with ceiling or floor effects. From examining the results of the analysis, it 
was concluded that contrast sensitivity should be omitted from further analysis; it was 
removed because it lacked in statistical variance. 
Table 1 
Means and Standard Deviations for Visual Attributes of Volleyball Players (N=8) 
Visual Attribute M SD Min Max 
Acuity -0.17 0.15 -0.30 1.00 
Reaction time 361.4ms 31.8ms 0.0ms 99.999ms 
Contrast sensitivity 1.95 0.08 0.00 2.25 
Depth perception 10.13cm 4.26cm 0 cm 180cm 
Distractor effect 286.25 177.4 -750 750 
UFOV time slope -0.18 0.38 * * 
UFOV duration 46.25 102.7 -750 750 
Note: * = unspecified. 
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The means, standard deviations, minimum scores, and maximum scores for the 
volleyball players seasonal statistics are reported in Table 2. 
Table 2 
Means and Standard Deviations for Volleyball Players' Seasonal Statistics (N=8) 
Statistic M SD Min Max 
Blocks per game 0.41 0.36 0 * 
Digs per game 2.23 1.05 0 * 
Kill percentage .18 .08 .00 1.00 
Kills per game 1.74 1.28 0 * 
Note: * = only limited by time. 
The next step in the analysis was to examine the correlations between the 
volleyball players' visual attributes and their seasonal statistics. The correlation 
coefficients are presented in Table 3. Only two significant correlations were reported: 
one between UFOV™ duration and the seasonal statistic of digs per game and the 
other between distractor effect and blocks per game. Closer analysis of the individual 
scores revealed that the correlation between distractor effect and blocks per game was 
being carried by one player who had scored significantly lower on distractor effect 
(2.01 sd's below the mean). Removal of the outlier resulted in a change in the 
correlation coefficient from r(8) = -.77, p = .025 to r(7) = -.31, p =.504. This 
discovery was taken into consideration when running regression analysis on the 
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statistic of blocks per game. 
The correlation between choice reaction time average and digs per game was 
indicative of a linear trend, r(8) = -.65, p = .08. The relationships between distractor 
effect and kill percentage, as well as kills per game, were also indicative of linear 
trends. Yet, closer analysis of these latter two relationships revealed that the 
relationships were being carried by the same outlier involved in the correlation 
between distractor effect and blocks per game. It was discovered that, if the outlier 
was removed, the relationships diminished greatly. A correlation matrix of the visual 
attributes alone is presented in Table 4 of Appendix B. 
The fourth step in examining the data was to perform regression analysis on the 
data, employing the stepwise method with an entry criterion of .10 and a removal 
criterion of .15. The entry and removal criteria were relaxed for this study due the 
small sample sizes involved. Each of the four seasonal statistics was analyzed 
separately. The results of the regression analysis can be located in Table 5. The only 
seasonal statistic with significant predictors was digs per game. The variables 
included in the prediction equation for digs per game were choice reaction time 
average and UFOV™ duration. 
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Table 12 
Correlation Matrix of Volleyball Statistics with Visual Attributes (N=8) 
Blocks per game Digs per game Kills per game Kill% 
Acuity .2703 -.0709 -.0515 .2884 
Reaction time .4400 -.6507 .1248 .3036 
Depth average .3944 .1293 .5255 .4461 
Distractor effect -.7717* .0952 -.6857 -.6848 
UFOV time .4819 .5359 .3331 .4351 
UFOV duration -.0897 -.8026* .2319 .0395 
*p < .05 
34 
Table 12 
Multiple Regression Analysis of Volleyball Statistics on Visual Attributes (N=8) 
Statistic R Square F(1.6) 
Digs per game .7939 9.63, p = .02 
Visual Attribute £ Significant t 
Choice reaction time -.415 .11 
UFOV duration -.653 .03 
Note. R2 = .6442 for step 1 with UFOV duration alone; R2 change from adding choice reaction time on step 2 was .1497. 
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Basketball 
Twenty-seven basketball players were tested prior to the beginning of the 
basketball season. Statistical analysis was performed on data from 14 of the 27 
players, six male players and eight female players. Players who averaged at least 15 
minutes or more of playing time per game were selected for analysis. The means, 
standard deviations, minimum scores, and maximum scores for the visual attributes are 
reported in Table 6. Again, the minimum and maximum scores indicate the range of 
possible values and not the actual minimum and maximum scores obtained. Contrast 
sensitivity was omitted from further analysis because it lacked in variance. 
Table 6 
Means and Standard Deviations for Visual Attributes of Basketball Players (N=14) 
Visual Attribute M SD Min Max 
Acuity -0.18 0.10 -0.30 1.00 
Reaction time 364.3ms 39.0ms 0.0ms 99.999ms 
Contrast sensitivity 1.91 0.09 0.00 2.25 
Depth Perception 10.18cm 8.64cm 0cm 180cm 
Distractor effect 259.76 133.4 -750 750 
UFOV time slope -0.057 .696 * * 
UFOV Duration 15.74 104.12 -750 750 
Note: * = unspecified. 
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The means, standard deviations, minimum, and maximum scores for the basketball 
players' seasonal statistics are reported in table 7. 
Table 7 
Means and Standard Deviations for Basketball Players' Seasonal Statistics (N=14) 
Statistic M SD Mm Max 
Assists per game 3.19 1.92 0 * 
Blocks per game 0.84 0.95 0 * 
Points per game 17.3 2.84 0 * 
Rebounds per game 8.4 3.22 0 * 
Steals per game 1.95 0.71 0 * 
Turnovers per game 3.43 .90 0 * 
Note: * = only limited by time. 
The next step in the analysis was to examine the correlations between the 
basketball players' visual attributes and their seasonal statistics. The correlation 
coefficients are presented in Table 8. There were two significant correlations. The 
first was between blocks per game and depth perception. However, upon examining 
the individual scores, it was discovered that the relationship between blocks per game 
and depth perception was being carried by two players and that if these two players 
were omitted from the analysis the correlation changed from r(14) = .6173 to r(12) = -
.0174. Both players omitted had scored significantly worse on the depth perception 
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test (1.89 sd's and 2.52 sd's above the mean). Due to this discovery, depth perception 
was not included in the regression analysis involving blocks per game. 
The second significant correlation was between UFOV™ duration and steals 
per game. Yet again, upon examining the individual scores, it was discovered that 
the relationship was being carried by an outlier, only one player in this instance. The 
original correlation was l(14) = .5528, p = .04. However, when the outlier was 
omitted from the analysis, the correlation between UFOV™ duration and steals per 
game changed to r(13) = .2352, p = .44. Due to this discovery, UFOV™ duration 
was not included in the regression analysis involving steals per game. A correlation 
matrix of the visual attributes alone can be found in Table 9 of Appendix B. 
The final step in examining the data was to perform regression analysis on the 
data employing the stepwise method. The same entry and removal criterion used with 
the volleyball data was maintained due to the small sample sizes. Each of the 
seasonal statistics was analyzed separately. The analyses revealed that there were no 
significant predictors for any of the basketball statistics. 
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Table 12 
Correlation Matrix of Basketball Statistics with Visual Attributes (N=14) 
Assists Blocks Points Rebounds Steals Turnovers 
Acuity -.3767 .1842 -.0951 .2515 -.4838 .4159 
Reaction time .2250 .0013 -.0527 .2628 -.3357 .0372 
Depth Average -.3221 .6173* .1560 .3630 -.0209 -.3554 
Distractor effect -.2883 .2026 .2301 .2518 -.3112 -.3184 
UFOV time .2813 .1980 -.3560 -.3349 -.3118 -.3539 
UFOV Duration .2031 -.1312 .1269 -.0909 .5528* .1542 
< .05 
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Baseball 
Twenty-seven baseball players were tested prior to the beginning of the spring 
season. Statistical analyses were performed on nine of the twenty-seven players. The 
nine players were chosen based upon how many times they were "at bat." The actual 
range for the number of times a player was at bat was 0-213. Any player who had 
been at bat approximately 100 times or more was included in the analyses. The 
means, standard deviations, minimum scores, and maximum scores for the visual 
attributes of the nine players analyzed are reported in Table 10 below. Once again, 
contrast sensitivity was omitted from further analysis due to a lack of variance. 
Table 10 
Means and Standard Deviations for Visual Attributes of Baseball Players (N-9) 
Visual Attribute M SD Min Max 
Acuity -0.19 0.09 -0.30 1.00 
Reaction time 348.6ms 19.2ms 0.0ms 99.999ms 
Contrast sensitivity 1.90 0.11 0.00 2.25 
Depth Perception 7.83cm 3.17cm 0cm 180cm 
Distractor effect 333.56 166.0 -750 750 
UFOV time slope -0.049 .607 * * 
UFOV Duration -22.22 139.0 -750 750 
Note: * = unspecified. 
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The means, standard deviations, minimum scores, and maximum scores for the 
baseball players' seasonal statistics are reported in Table 11 below. 
Table 11 
Means and Standard Deviations for Baseball Players' Seasonal Statistics (N=9) 
Statistic M SD Min Max 
Batting average .277 .054 .00 1.00 
Total errors 8.56 6.48 0 * 
Fielding percentage .942 .035 .00 1.00 
Total strike outs 27.33 9.38 0 * 
Total walks 23.0 9.79 0 * 
Note: * = only limited by time. 
The third step in the analysis was to examine the correlations between the 
baseball players' seasonal statistics and their scores on the visual measures. A 
correlation matrix is presented in Table 12. The only significant correlation found was 
between depth perception and batting average. 
The correlations were further examined for the presence of any marginal trends. 
It was discovered that all but one of the relationships found to be indicative of a 
marginal trend were being carried by outliers. The single marginal trend that held up 
under examination of the individual data was between choice reaction time and batting 
average and was being weakened by an outlier rather than carried. Upon removing the 
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outlier the correlation changed from r(9) = -.4831 to r(8) = -.8363, £ < .05. 
Lastly, a t test was conducted to test for any differences between the batting 
averages of unilateral and cross lateral batters. Out of the nine batters tested, four 
were cross laterals. The t test revealed that there was not a significant difference 
between unilateral and cross lateral batters on the statistic batting average, t(7) = .95, £ 
= .375. 
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Table 12 
Correlation Matrix of Baseball Statistics with Visual Attributes (N=9) 
Batting avg Errors Fielding% Strike outs Walks 
Acuity -.0439 -.4264 .3669 .4711 .4655 
Reaction time -.4831 -.0217 -.3518 .1355 -.5481 
Depth Average .6692* -.5086 .5599 -.5587 .3222 
Distractor effect -.0443 -.5003 .0779 .4644 .1270 
UFOV time -.3233 .2954 -.2565 .2061 -.3549 
UFOV Duration .0518 -.3286 .3684 .5739 .1406 
*£ < .05 
Chapter V 
Discussion 
Before discussing the results, there are a couple of important points which 
deserve some attention. These points are meant to qualify the results and to enhance 
the reader's comprehension of the results. 
The first point involves the concept of probability. In the present study, 135 
correlations were run with an alpha level of .05. If 135 relationships were investigated 
with an alpha level of .05 then one could expect to find 6.75 significant relationships 
out of the 135 by chance alone. In the present study, nine significant correlations 
were reported. This line of reasoning was pointed out in order to possibly explain 
some of the relationships that did not make logical sense and to note that when one is 
dealing with large numbers of correlations one would expect some significant 
relationships as a result of chance. One possible example of a significant correlation 
that might be attributed to chance alone and which makes no logical sense can be 
found in the baseball discussion section involving the relationship between depth 
perception and batting average. 
A second point to consider is that visual demands vary from one sport to 
another and between positions within a given sport. Because of these variations 
between and within each sport one might also expect the relationships between visual 
attributes and athletic performance to differ from one sport to another, which is what 
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was discovered upon reviewing the analyses. 
Volleyball 
Nearly all of the women volleyball players had satisfactory or better scores on 
the visual attributes for which they were tested. It was pointed out in the results 
section that contrast sensitivity was omitted from further analysis after reviewing the 
means and standard deviations. The reason for omitting contrast sensitivity was that 
the basic increment for contrast sensitivity was 0.15 while the standard deviation for 
contrast sensitivity was 0.08, approximately one-half of one increment, indicating very 
little variance in the scores. 
As expected, the results of the peripheral attention measure labelled distractor 
effect revealed that on average the volleyball players had higher scores on the task 
without distractors than on the three tasks with distractors. The average score for 
UFOV™ time slope indicated that the players scored slightly higher on the peripheral 
attention tasks at shorter durations; however, these results could be a result of the 
practice effect. The players' scores on UFOV™ duration indicated that the players 
scored higher on the peripheral task at a slower duration. It is important to note that 
this score accounts for a practice effect by treating the first peripheral attention subtest 
with distractors as a practice trial. In general the players did not have a problem with 
processing speed. 
After examining the correlations between the visual attributes and the volleyball 
players' seasonal statistics, it was discovered that only one significant relationship was 
not carried by an outlier (a negative relationship between UFOV™ duration and digs 
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per game (r(8) = -.7717, p < .05)). This relationship would imply that players who 
were less affected by a decrease in the presentation durations of the stimuli also had 
more digs per game. 
One marginal trend also remained upon closer examination of the individual 
cases, a negative relationship between choice reaction time and digs per game, r(8) = -
.6507. This relationship would imply that players who had faster choice reaction time 
scores also had more digs per game. It is important to note that in an analysis of all 
13 of the volleyball players, the relationship between choice reaction time and digs per 
game was the only relationship found to be stronger than in the analysis of the eight 
major players alone, r(13) = -.7653, p = .002. 
Stepwise regression analysis revealed that UFOV™ duration accounts for about 
64% of the variance in digs per game. Choice reaction time was added on the second 
step of the regression analysis for digs per game yielding an R2 change of 15%; 
adding choice reaction time brought the total amount of variance accounted for in digs 
per game to 79%. 
There are several possible reasons for these relationships. A dig means a 
player reacts to, makes contact with, and brings back into play a ball that has been 
spiked by the opposing team. These actions must be executed in a matter of 
milliseconds, which means that it is a skill that is heavily dependent upon a player's 
ability to react quickly to a visual stimulus. In light of this explanation of digs per 
game, it would make sense for players who were less affected by shorter stimuli 
presentation durations and who had faster choice reaction times to have more digs per 
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game. Second, because a spike can be hit to anywhere on the court (front, back, left, 
or right) every player has an equal chance for dig opportunities, thereby making digs 
per game an excellent statistic to examine because it is not biased for a certain 
position player. 
Lastly, a dig is one of the few skills which does not lend itself to the 
development of automaticity. The player has no idea when or where the spike is 
going each time it is hit; she is simply reacting to the ball and not acting upon it. 
With hitting, setting, and serving the player has control over the ball, is acting upon 
the ball, and has practiced the same exact motion hundreds of times which means 
there is strong potential for automaticity to develop. If automaticity is developed, then 
the importance of visual attributes may diminish. 
It is important to note that these relationships could be spurious. They could 
have emerged as a result of the large number of correlations that were run. However, 
it would be highly improbable for two visual attributes (both related to visual 
processing speed) to load on the same variable. 
Basketball 
It was stated in the results section that contrast sensitivity was omitted from 
further analysis after examining the means and standard deviations. The reasoning for 
omitting contrast sensitivity in basketball was identical to that used when contrast 
sensitivity was omitted from the volleyball analysis. The basic increment for contrast 
sensitivity was 0.15. The standard deviation for contrast sensitivity from the 
basketball data was 0.09, a little more than one-half of one increment, indicating very 
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little variance for the measure of contrast sensitivity. 
It came as no surprise to discover that, on average, the basketball players 
scored higher on the peripheral attention task without distractors (e.g., there was a 
distractor effect), indicated by analyzing the mean for distractor effect. The slope for 
UFOV™ time slope was basically flat indicating that there was not a relationship 
between performance and presentation duration on the peripheral attention tasks with 
distractors (e.g., presentation duration did not affect performance). The mean for 
UFOV™ duration indicated that, on average, the basketball players scored slightly 
higher when the stimuli were presented for longer durations on the peripheral attention 
tasks with distractors. These results were approximately the same results as were 
reported for the volleyball team. 
There were only two significant correlations between the visual attributes and 
the basketball players' seasonal statistics. Yet, as it was previously stated in the 
results section, both of these correlations were being carried entirely by outliers and, 
therefore, do not warrant discussion as valid relationships. It was also reported in the 
results section that further analysis revealed that there were no significant predictors 
for any of the basketball statistics, not surprising considering the results of the 
correlation analysis. 
Upon examining the data from the basketball teams, a major weakness in the 
approach used for the current study surfaced. The statistics in basketball are very 
biased in relation to certain position players. These biases did not allow the researcher 
to get at the true relationships between vision and specific athletic skills. One 
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example of the player-position bias is the seasonal statistic of rebounds per game. On 
both the men's and women's teams, centers and strong forwards had more rebounds per 
game. The centers and strong forwards are underneath the basket more and should 
have more rebounds per game. Due to this situational advantage, there is a position 
bias for the seasonal statistic of rebounds per game. 
A second example of bias is the seasonal statistic of assists per game. An 
assist is recorded when one player makes a pass to another player who then scores a 
basket. Guards, particularly point guards, on both the men's and women's teams had 
more assists per game. Point guards bring the ball down the court and set up plays. 
They are in control of the ball more than any other player on the court and 
consequently make more passes to other players. The situational advantage that point 
guards have over other position players creates a bias for the seasonal statistic of 
assists per game. 
There are two potential solutions to the problem of the player-position bias. 
One is to test a larger number of teams so that a larger N is obtained for each 
position, thus allowing each position to be analyzed separately. However, this 
approach would still be plagued by situational factors such as a player's opponents, a 
player's teammates, etc. 
A second solution would be to devise a battery of tests which would measure 
specific skills deemed necessary to be a successful player in a given sport. An 
example would be to devise a test that would measure a basketball player's ability to 
detect a teammate breaking for the basket. If such a battery could be devised, it 
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would allow a researcher to investigate the relationship between a specific visual 
attribute and a specific athletic skill in the absence of situational factors such as the 
player-position bias, different opponents, and differences in teammates. 
Baseball 
For the third time, contrast sensitivity was omitted from further analysis due to 
a lack of statistical variance. The standard deviation for contrast sensitivity was 0.11 
for the baseball players, while the basic increment for contrast sensitivity was 0.15. 
Seven of nine players tested had the same score on the measure of contrast sensitivity. 
The baseball players' scores on distractor effect came as no surprise; the mean 
indicated that the players obtained higher scores on the peripheral attention task 
without distractors. The slope for UFOV™ time slope was flat indicating no change 
in the baseball players' scores as presentation duration decreased. As a team, the 
baseball players had a negative mean for the UFOV™ duration score which would 
mean that they scored higher on the peripheral attention task with distractors when the 
stimuli were presented at shorter durations. This could possibly be accounted for by a 
simple practice effect, yet, it is also possible that the baseball players may perform 
better when the stimuli are presented at shorter durations. It escapes explanation why 
the baseball players would perform better at a presentation time of 160ms as opposed 
to presentation times of 240ms. 
Only one significant correlation was found to exist between the baseball 
players' seasonal statistics and their performance on the tests for vision. The 
relationship reported was a positive relationship between depth perception and batting 
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average (r(9) = .6692, £ < .05). This relationship indicates that baseball players with 
higher batting averages scored worse on the visual measure of depth perception. This 
relationship is the opposite of what one would expect it to be. One might expect 
players who had better depth perception to have better batting averages, but one would 
not expect players with better batting averages to have poorer scores on a measure of 
depth perception. The only logical rationale for this relationship might be that it 
occurred merely by chance due to the large number of correlations run in the present 
study. 
There was also one marginal trend noted in the results section which 
warranted further discussion, the negative relationship between choice reaction time 
and batting average. This relationship would indicate that players with higher batting 
averages were faster at reacting to stimuli in the choice reaction time test. In the 
present study, choice reaction time accounted for 23% of the variance in batting 
averages. Yet, as it was noted in the results section, this relationship was being 
weakened by a single outlier. It was discovered that if the outlier was removed, the 
amount of variance accounted for by choice reaction for batting average changed from 
23% to 70%. This relationship makes logical sense. Batting average is calculated by 
dividing the number of hits a player gets by the number of times he is at bat. Adair 
(1995) stated that when a player is at bat it takes only 0.2 seconds from when the 
batter begins his swing until the bat crosses the plate. He further states that it only 
takes the baseball about 0.4 seconds to travel from the pitcher's hand to the batter. 
Thus, the batter must make a decision of whether or not to swing within 
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approximately 0.2 seconds. Obviously a player's batting average is affected by his 
ability to make a decision of whether to swing or not based upon his ability to react to 
a visual stimulus in a very short period of time. In the present study, choice reaction 
time was a measure based upon how quickly the subject could react to one of two 
visual stimuli. Therefore, it would make sense for batting average to be somewhat 
dependent upon the visual ability measured by choice reaction time. 
It was also reported in the results section that no significant differences were 
found between cross lateral and unilateral batters for the seasonal statistic batting 
average. These results are in agreement with the research conducted by Adams 
(1965). It is important to note that the results from the present study are only based 
upon five unilateral batters and four cross lateral batters, which weakens the 
generalizability. 
Conclusions 
The present study possessed several strengths which resulted in improvements 
over past research in sports vision. The first improvement involved the types of vision 
tested. Past researchers have employed tests of perimetry as their measure of 
peripheral vision. The measures of perimetry used in the past were potentially 
confounded because researchers did not use a central stimulus in their perimetry 
measures. Due to this potential confound, the researchers could not be sure whether or 
not they were obtaining a true measure of peripheral vision. For this study, peripheral 
awareness was measured as opposed to perimetry. The instrument used to measure 
peripheral awareness in the present study, the UFOV™ Visual Attention Analyzer, 
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simultaneously presents a central stimulus and peripheral stimulus, insuring that the 
measure taken is a true estimate of peripheral awareness and not of visual searching or 
visual scanning. Furthermore, past research has shown that peripheral awareness is a 
better predictor of complex behavior as compared to peripheral perimetry (Ball & 
Owsley, 1993). 
A weakness of past research in sports vision is that the results of the analysis 
were based on all subjects tested. Many times this resulted in data from players who 
played in the majority of the games being intermingled with data from players who 
played only trivial amounts. In the present study, all players were tested prior to the 
beginning of their athletic seasons, yet only the major players or players who were 
playing the majority of the time were submitted for statistical analysis. 
A third improvement of this study over past studies is that each relationship 
was examined for outliers which were potentially carrying a relationship: If it was 
discovered that a relationship was being carried by an outlier, then it was pointed out 
in the results. 
The final improvement of the present study over past research involves the 
scope of the study. Past studies in sports vision often focused on only one visual 
attribute and its relationship with one particular athletic skill. In the present study, 
multiple visual attributes, sports, and athletic skills were investigated. It was hoped 
that this approach might reveal some new information that had eluded past researchers 
in sports vision. 
A weakness in the present study, cited in the results and discussion section for 
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all three sports, was the lack of variability for the measure of contrast sensitivity. The 
most probable reason for this problem was a truncated range. Most of the athletes 
tested scored very well on all of the visual tests. If future researchers wish to increase 
the variability for the measure of contrast sensitivity, they would be advised to 
incorporate a different test for measuring contrast sensitivity such as a gratings test. 
The researcher would thus be allowed to measure smaller differences between the 
subjects but with longer testing durations. 
The most obvious weakness in the present study was the low number of 
subjects for each sport investigated. The small sample was particularly debilitating for 
the sport of basketball because each seasonal statistic analyzed was subject to the 
player-position bias discussed earlier. As noted previously, there are two possible 
solutions to this problem. Future researchers should either survey enough teams so 
that each position player can be analyzed separately or devise a battery of tests that 
measure specific athletic skills deemed necessary to be successful in the sport being 
investigated. 
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Time of testing am pm Subject # 
Name: Age: Date of Birth: / / 
Sex: Male Female School: 
Do you wear corrective eyewear? 
Do you wear corrective eyewear while participating in sports? 
Race: 1) Caucasian 
2) African-American 
3) Hispanic 
4) Asian 
5) Other, 
Circle all Sports which you participate in on a collegiate level: 
1) Basketball 
2) Football 
3) Baseball/Softball 
4) Soccer 
5) Volleyball 
6) Other, 
Please write the Primary position you play in each sport listed above: 
1) Basketball 
2) Football 
3) Baseball/Softball 
4) Soccer 
5) Volleyball 
6) Other, 
Please write the # of Yrs. you have played each sport listed above on a collegiate 
level: 
1) Basketball 
2) Football 
3) Baseball/Softball 
4) Soccer 
5) Volleyball 
6) Other, 
Have you been out in the sun today for a prolonged period of time? yes no 
For how long? hours Did you have on sunglasses during that time? yes no 
Subject # Name: 
1) Eye dominance R L None 
2) Contrast Sensitivity (Binocular) 
0.00 V R S K D R 0.15 
0.30 N H C S O K 0.45 
0.60 S C N O Z V 0.75 
0.90 C N H Z O K 1.05 
1.20 N O D V H R 1.35 
1.50 C D N Z S V 1.65 
1.80 K C H O D K 1.95 
2.10 R S Z H V R 2.25 
3) Visual Acuity (Binocular) 
N C K Z O 1.00 
R H S D K 0.90 
D O V H R 0 80 
C Z R H S 0.70 
O N H R C 0.60 
D K S N V 0.50 
Z S O K N 0.40 
C K D N R 0.30 
S R Z K D 0.20 
H Z O V C 0.10 
N V D O K 0.00 
V H C N O -0.10 
S V H C Z -0.20 
O Z D V K -0.30 
4) Depth Perception 
Front 
Back 
5) Dominant Hand R L None 
6) Choice Reaction 
/ / / / 
/ / / 
7) UFOV 
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Table 12 
Correlation Matrix of Visual Attributes for Volleyball Players (N=8) 
Acuity Ret Time Depth Distractor Time Duration 
Acuity -— -.0570 .5466 -.3180 .1262 .2903 
Reaction Time —- -.1960 -.2943 .1942 .3612 
Depth Perception —- -.7449* .3000 .2758 
Distractor effect —- -.4562 -.1626 
UFOV time —- -.6215 
UFOV duration 
*p < .05 
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Table 12 
Correlation Matrix of Visual Attributes for Basketball Players (N=14) 
Acuity Ret Time Depth Distractor Time Duration 
Acuity — 
Reaction Time 
Depth Perception 
Distractor effect 
UFOV time 
UFOV duration 
.5295* .1890 
.1808 
.2836 
.0135 
.1258 
-.0494 
.0774 
.1675 
.2056 
-.2441 
-.3080 
- . 2 1 1 6 
- . 6 1 6 0 * 
-.3648 
*B < .05 
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Table 12 
Correlation Matrix of Visual Attributes for Baseball Players (N=9) 
Acuity Ret Time Depth Distractor Time Duration 
Acuity —- -.1763 -.1247 .2913 -.0571 .2342 
Reaction Time —- -.1405 .0580 -.1828 -.2844 
Depth Perception —- .1987 -.1608 -.0506 
Distractor effect —- .0703 .2188 
UFOV time —- .7046* 
UFOV duration 
*p < .05 
References 
Abrahamson, I. (1972). Know Your Eves. New York: MEDCOM, Inc. 
Adair, R. (1995). The physics of baseball. Physics Today. 48(5), 26-31. 
Adams, G. (1965). Effect of eye dominance on baseball batting. The Research 
Quarterly. 36(1). 3-9. 
Applegate, R., & Applegate, R. (1992). Set shot shooting performance and visual 
acuity in basketball. Optometry and Vision Science. 69(10). 765-768. 
Ball, K., & Owsley, C. (1993). The useful field of view test: A new technique 
for evaluating age-related declines in visual function. Journal of the American 
Optometric Association, 64(1). 71-79. 
Beals, R., Mayyasi, A., Templeton, A., & Johnston, W. (1971). The relationship 
between basketball shooting performance and certain visual attributes. American 
Journal of Optometry and Archives of American Academy of Optometry. 48. 585-590. 
Breedlove, H. (1994, April). Sports vision testing and enhancement for trainers. 
Symposium conducted at the 1994 Sports Vision Conference, Las Vegas. 
Carlson, J. (ed.). (1984). Sports Vision Guidebook. (Vol. I). St.Louis, 
American Optometric Association. 
Christenson, G. N., & Winkelstein, A. M. (1988). Visual skills of athletes versus 
non-athletes: development of a sports vision testing battery. Journal of the American 
Optometric Association. 59(9), 666-675. 
Coren, S., & Ward, L. (1989). Sensation and Perception., (3rd ed.). San Diego: 
Harcourt Brace Jovanoich, Inc. 
61 
62 
Fremion, A., DeMyer, W., Helveston, E., Miller, K., Sato, S., & Weber, J. 
(1985). Binocular and monocular visual function in world class tennis players. 
Binocular Vision. 1(3). 147-154. 
Graybiel, A., Jokl, E., & Trapp, C. (1955). Russian studies of vision in relation 
to physical activity and sports. The Research Quarterly, 26(4), 480-487. 
Hobson, R., & Henderson, M. (1941). A preliminary study of the visual field in 
athletics. Proceedings of the Iowa Academy of Science, 48, 331-335. 
Hoffman, L., Polan, G., & Powell, J. (1984). The relationship of contrast 
sensitivity functions to sports vision. Journal of American Optometry Association. 
55(10), 747-752. 
Kaplan, J. (1993, January 25). Visionary exercises. Sports Illustrated, pp. 64-65. 
Mitchell, J., Nicholson, W., & Maples, W. (1990). Standardization of the wayne 
saccadic fixator. Journal of Behavioral Optometry. 1(8), 199-204. 
Mizusawa, K., Sweeting, R., & Knouse, S. (1983). Comparative studies of color 
fields, visual acuity fields, and movement perception limits among varsity athletes and 
non-varsity groups. Perceptual and Motor Skills, 56. 887-892. 
Schneider, H., Kluka, D., & Love, P. (1992). Contrast sensitivity in selected 
professional and collegiate football players. Journal of Optometric Vision 
Development. 23(4). 23-26. 
Sekuler, R., & Blake, R. (1990). Perception.. (2nd ed.). New York: McGraw-
Hill, Inc. 
63 
Shick, J. (1971). Relationship between depth perception, hand-eye dominance 
and free throw shooting in college women. Perceptual and Motor Skills, 33, 539-542. 
Solomon, H., Zinn, W., & Vacroux, A. (1988). Dynamic stereoacuity: a test for 
hitting a baseball? Journal of the American Optometric Association, 59(7), 522-526. 
Stroup, F. (1957). Relationship between measurements of field of motion 
perception and basketball ability in college men. Research Quarterly, 28(1), 72-76. 
Tussing, L. (1940). The effect of football and basketball on vision. Research 
Quarterly. 11. 16-18. 
Williams, J., & Thirer, J. (1975). Vertical and horizontal peripheral vision in male 
and female athletes and non-athletes. Research Quarterly. 46(2). 200-205. 
Winograd, S. (1942). The relationship of timing and vision to baseball 
performance. Research Quarterly American Health and Physical Education. 13, 481-
493. 
